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Summary: 
The stratospheric and mesospheric wind field in winter is dominated by the stratospheric polar 
vortex, which reaches out up into the mesopause region and leads to strong westerlies there in 
winter. On the other hand, the tropospheric mean winter wind field is also connected with the 
polar vortex which thus can be considered as being extended from the surface up to the lower 
thermosphere. lt is found that the winter mesopause region zonal winds, as measured at the 
Collm Observatory of the University of Leipzig, are closely connected with the North Atlantic 
Oscillation (NAO) being an integrated measure for the northem hemispheric mean circulation. 
The NAO itself is found to be a measure for Central Europe winter temperatures. Thus also 
the mesopause region winds are closely correlated to the Central European winter surface 
temperatures. 
Zusammenfassung: 
Das stratosphärische und mesosphärische Windfeld wird im Winter wesentlich vom strato-
sphärischen Polarwirbel bestimmt, der von der Stratosphäre bis in die Mesopausenregion reicht 
und dort zu starken Westwinden führt. Auf der anderen Seite ist die mittlere troposphärische 
Zirkulation ebenfalls mit dem stratosphärischen Wirbel korreliert, so daß letzterer als von der 
Erdoberfläche bis in die untere Thermosphäre reichend betrachtet werden kann. Aus diesem 
Grund sind die mittleren Zonalwinde, gemessen am Observatorium Collm der Universität 
Leipzig, mit der Nordatlantikoszillation (NAO) korreliert. Andererseits hat die NAO einen 
starken Einfluß auf mitteleuropäische Wintertemperaturen, und damit ist der Wind im Meso-
pausenbereich ebenfalls mit den Wintertemperaturen korreliert. 
1. Introduction 
The winter middle atmosphere circulation at midlatitudes is dominated by the stratospheric 
polar vortex and its extension into the mesosphere up to the lower thermosphere. Generally, 
the vortex consists of a very cold polar stratosphere with strong westerly winds. lt has been 
found (Holton an Tan, 1980; 1982) that in general the stratospheric vortex is dependent on the 
equatorial quasi-biennial oscillation (QBO), and this is reflected in a weak dependence of the 
mesopause region circulation on the QBO (Jacobi et al., 1996, 1997a). But in some winters 
during major stratospheric warmings the vortex breaks up, and thus the zonal westerlies in 
midlatitudes are smaller. lt was found that this is due to a correlation between the QBO, the 
stratospheric vortex and the 11-year solar cycle ( e.g. Labitzke and van Loon, 1992, 1996). As 
it could be shown, the mesospheric wind are reacting on stratospheric warmings (Schminder 
and Kürschner, 1981; Greisiger et al., 1984; Muller et al., 1985; Jacobi et al., 1997b), so that 
generally the zonal prevailing wind is reduced or even easterlies prevail during the warming, 
which is due to the breakdown of the vortex then. lt may be summarised that the mesopause 
region circulation follows the stratospheric dynamics in some way, so that part of the interan-
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nual variability of the winter upper mesosphere/lower thermosphere can be explained by the 
stratospheric variability. 
The large-scale tropospheric circulation in the middle latitudes may be described using the 
North Atlantic Oscillation (NAO), being defined as the pressure difference between the Azores 
and lceland. As recently shown (Hurrell, 1995, 1996; Mahlberg and Bökens, 1997), the NAO 
can be correlated with winter temperatures in Central Europe, which is most reasonable since 
the NAO directly describes the strength of the westerly midlatitude tropospheric circulation 
and European winter temperatures are higher when westerly winds are prevailing. On the other 
band, the winter midlatitude westerlies can be regarded as the flow around the tropospheric 
polar vortex, and thus we are interested in the connection between the stratospheric and tro-
pospheric polar vortex, since this would provide a direct link from the mesopause region down 
to the lower troposphere. Such a link then could be useful in the detection of long-term vari-
ability, since mesospheric processes are much less influenced by local effects than this is the 
case in the troposphere. Therefore in the following we consider mesopause zonal winds and 
their correlation with the NAO, as well as their connection to Central Europe winter tempera-
tures. 
2. Data 
The wind field of the upper mesopause region (about 95 km height) is observed by daily wind 
measurements at the Collm Observatory of the University of Leipzig. (Schminder and 
Kürschner, 1992, 1994; Schminder, 1995), using the ionospherically reflected sky wave from 
three commercial radio transmitters. The data are combined to half-hourly zonal and meridi-
onal mean wind values that refer to a reflection point at 52°N, 15°E. Since during the day the 
absorption of the sky wave is too large, the daily measuring period is in summer restricted to 
night and twilight, while in winter partly measurements are possible during the whole day. 
Since thus the measurements are inhomogeneously distributed in time and height, a direct esti-
mation of the horizontal prevailing winds and the tidal components is not possible, and a mul-
tiple regression analysis is used to determine the daily prevailing wind as weil as the tidal wind 
field components using the half-hourly mean values of the measured zonal and meridional wind 
components. The spectral selectivity of the separation of prevailing and tidal wind was im-
proved through assuming clockwise circularly polarized tidal wind components (Kürschner, 
1991). The model can be expressed by the following two equations: 
v z = a2 + b sin(rot) + c cos(cot) , 
(1) 
V m =am+ b cos(rot)-c sin(rot) , 
where v2 and Vm are the horizontal wind components and eo= 2n/12h the angular frequency of 
the semidiumal tide. Note that in this kind of investigation the height is not used, although 
since 1982 it can be measured (Kürschner et al, 1987) and the regression delivers more reliable 
results then using height-dependent coefficients. However, to avoid artefacts due to different 
data evaluation we use the monthly mean half-hourly wind values in Eq. ( 1) that are measured 
since 1979. The coefficients a, b and c are determined by a least square fit of modelled and 
measured values. The zonal and meridional prevailing winds are simply 
Vom= am . (2) 
The semidiumal tidal amplitude and phase are not used in this investigation. 
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For the NAO we used indices that were contributed by the NCAR (National Center for Atmos-
pheric Research, Boulder) Climate Analysis Section. The monthly index of the NAO is based 
on the difference of normalised sea level pressures (SLP) between Penta Delgada, Azores and 
Stykkisholmur, Iceland. The SLP anomalies at each station were normalised by division of 
each monthly pressure by the long-term (1865 to 1984) standard deviation. 
Estimates of stratospheric winds v30 at the 30 hPa pressure level can be calculated from 
monthly mean geopotential heights as given by the Berlin stratospheric analyses (e.g. Pawson 
et al., 1993) by assuming geostrophic equilibrium. We used zonally averages mean values, thus 
the meridional component vanishes, and we obtain: 
(3) 
with z as the height of the 30 hPa level, cp as the latitude, g the acceleration due to gravity, Q 
the rotation rate and a the radius of the earth. The bar indicates that v30 consists of a zonal 
mean value of the geostrophic winds. 
3. The mesopause and the NAO 
In Figure 1 the mean winter zonal prevailing winds are shown, together with the three-monthly 
mean NAO index. The data are calculated from monthly means each. The analysis shows that 
the mesopause region winds follow the NAO index very closely, with the exception of only the 
years 1983 and 1984 (see Figure 1). The correlation between v0 z and NAO index is shown in 
Figure 2. The correlation coefficient is 0.61, with 99% significance. 
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Figure 1: Time series of the winter (December- February) mean values ofthe NAO index and 
the zanal prevailing wind Voz at Collm. 
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Figure 2: Mean winter mesopause region zonal prevailing wind Voz in dependence of the NAO 
index. 
Figures 1 and 2 show that obviously the winter polar vortex acts as one uniform system. This is 
also visible if the stratospheric winds are regarded. These are shown, together with the NAO 
index, in Figure 3. lt can be seen, that the interannual stratospheric variations, this means the 
sign of the differences from year to year, generally seem to follow those of the NAO index, 
with the exception of the winter of 199511996, which was extremely cold in the stratosphere, 
which is not reflected neither in the NAO index nor in the mesopause region wind in Figure 1. 
There is no direct correlation between NAO index and v30, but if we regard their year-to year 
differences LlNAO and ~v30 in Figure 4, we find that these parameters are correlated with a 
regression coefficient of 0.29, which enlarges to 0.69 if we omit the difference between 1995 
and 1996. Since, however, we have no plausible reason to do so, we may conclude that obvi-
ously there is a link between the NAO and the stratospheric winds, but there must be other 
effects that in some cases superpose this connection. 
In winter the polar vortex is directly coupled to the troposphere as well as to the lower ther-
mosphere. This is not the case in summer, and thus then a dependence of the mesopause region 
winds on the tropospheric circulation cannot be expected. This is shown in Figure 5, where 
time series of June - August mean values of Voz and the NAO index are shown. lt can be seen, 
that there is obviously no correlation. The correlation coefficient for each month separately, 
using the following regression analyses 
voz = voz,O + ~. NAO (4) 
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is shown in Figure 6 together with the coefficient ß. The two dotted lines denote the values of 
r that are due to 95% and 99% significance. lt can be established that a statistically significant 
dependence is only found for January and February. The strongest correlation is found in Janu-
ary, while the coefficient is largest in February. 
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Figure 3: Time series of winter (December - February) mean NAO indices and zonal mean 
geostrophic winds V30 at the 30 hPa level at 50°N. 
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Figure 4: Year-to-year difference ßv30 of the zonal mean geostrophic wind at 30 hPa in de-
pendence ofthe year-to-year difference of the NAO index. The two dotted lines are re-
gression lines that are constructed using all data or omitting the difference between 
1996 and 1995, respectively. 
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Figure 5: Time series of the summer (June - August) mean values of the NAO index and the 
zanal prevailing wind Vaz at Collm. 
1,0 
0,5 
1... 0,0 
-0,5 
1979-1995 -D- r 
. ~ 
-1,0-r-~-t-~--t~~+-~-t-~-t-~---+~~+-~-+-~--+-~---+~~+-~--
Jan Feb M:ir Apr M:iy Jun Jul A.Jg Sep Oct Nov Dec 
Figure 6: Trend coefficient '1, calculated after Eq. (4) for each month of the year. The re-
gression coefficient r is added. The two dotted lines denote the values of r that are due 
to a significance of95% or 99%, respectively. 
4. Winter temperatures and the mesopause wind field 
lt could be shown in the previous section that the winter mesopause wind field strongly corre-
lates with the NAO index, which can be explained by a direct coupling of the troposphere-
stratosphere-mesosphere-lower thermosphere system through apolar vortex that is unifonnly 
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varying from year to year. From this it becomes evident that such a correlation cannot be ex-
pected in summer, since then the middle atmosphere is much more uncoupled from the lower 
atmosphere than it is the case in winter. 
As it was recently shown by Mahlberg and Bökens (1997), the NAO index is strongly corre-
lated to temperatures at Berlin in winter. Thus it can be expected, that the zonal mesopause 
region winds are correlated to Central Europe temperatures in winter as well. As an example, 
the mean winter Yoz values are shown in dependence of the temperatures at Hannover-Langen-
hagen. The correlation coefficient amounts to 0.66, and the correlation is significant at the 
99% level. Since from Figure 6 it can be seen that the correlation between NAO and Yoz is 
strongest in January, one can expect an even stronger correlation between voz and temperature 
for this month regarded separately as well. This is really the case, the correlation coefficient, 
considering only January data, amounts to 0.72 then. 
The correlation between Voz and winter temperatures is found for other sites, too. In Table 1 
the correlation coefficients are listed for 4 stations in Germany. In all cases a high correlation 
coefficient is found, and in all cases these are statistically significant at the 99% level. 
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Figure 7: Mean winter (December - February) mesopause region zonal prevailing wind in 
dependence of the mean winter temperatures at Hannover-Langenhagen. 
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January December-February 
Hannover-Langenhagen 0.72 0.66 
Berlin-Tempelhof 0.71 0.62 
Stuttgart-Sehnarrenberg 0.71 0.69 
München-Riem 0.61 0.62 
Table 1: Correlation coefficient between the mesopause region zonal prevailing wind at Collm 
and winter temperatures at 4 measuring sites for January alone (2nd column) and for 
December - February means (3rd column). The data were calculatedfrom the winters 
1978179 through 1995196. 
S. Conclusions 
lt is found from comparison of mesopause region zonal winds and NAO indices as well as 
Central Europe temperatures, that in winter both the temperatures and the NAO indices are 
closely correlated to the mesopause dynamics. This shows that in winter the polar stratospheric 
vortex acts as one dynamical unity and thus provides a physical link from the surf ace layer up 
to the lower thermosphere. Considering the strong dependence of lower tropospheric meteoro-
logical parameters on local effects, the interannual variability of the entire atmospheric system 
can be monitored using upper middle atmosphere measurements, which are much less affected 
by regional or local variations. However, the correlation between winter temperatures and 
mesopause region dynamics, although statistically significant, is not strong enough to calculate 
one from the other, and thus the mesopause winds can be used only as an indicator for Central 
Europe mean winter conditions. 
Acknowledgements 
This research was supported by the "Deutsche Forschungsgemeinschaft" (German Science 
Foundation) under contract Schm 981/2-2 and by the BMBF under contract 01 LK 932117. 
The authors wish to thank Dr. R. Schminder and Dr. D. Kürschner, Collm, for providing the 
Collm wind data, as well as the Institute for Meteorology of the FU Berlin for contributing the 
stratospheric data. The NAO indices were contributed by the NCAR Climate Analysis Section. 
The monthly mean winter temperatures were taken from the European Weather Reports of the 
German Weather Service. 
References 
Greisiger, K.M., Portnyagin, Yu.I„ and Lysenko, LA., 1984: Large-scale winter-time distur-
bances in meteor winds over Central and Eastern Europe and their connection with 
processes in the stratosphere. J. Atmos. Terr. Phys. 46, 389 - 394. 
Holton, J.R., and H.-C. Tan, 1980: The influence of the equatorial quasi-biennial oscillation on 
the global circulation at 50 mb. J. Atmos. Sei. 37, 2200 - 2208. 
Holton, J.R., and H.-C. Tan, 1982: The quasi-biennial oscillation in the northern hemisphere 
lower stratosphere. J. Meteor. Soc. Japan 60, 140 - 147. 
Hurrell, J.W., 1995: Decadal trends in the North Atlantic Oscillation: Regional temperatures 
and precipitation. Science 269, 676-679. 
105 
Hurrell, J.W„ 1996: Influence of variations in extratropical wintertime teleconnections on 
Northem Hemisphere temperature. Geophys. Res. Lett. 23, 665 - 668. 
Jacobi, Ch., R. Schminder, and Kürschner, D., 1996: On the influence of the stratospheric 
quasi-biennial oscillation on the mesopause zonal wind over Central Europe. Meteorol. 
Zeitschrift N.F. 5, 218 - 223. 
Jacobi, Ch., R. Schminder, and Kürschner, D., 1997a: Measurements of mesopause region 
winds over Central Europe from 1983 through 1995 at Collm, Germany. Beitr. Phys. 
Atmosph. 70, 189 - 200. 
Jacobi, Ch., R. Schminder, and Kürschner, D., 1997b: The winter mesopause wind field over 
Central Europe and its response to stratospheric warrnings as measured by D 1 LF wind 
measurements at Collm, Germany. Adv. Space Res. 20, 1223 - 1226. 
Kürschner, D., 1991: Ein Beitrag zur statistischen Analyse hochatmosphärischer Winddaten 
aus bodengebundenen Messungen, Z. Meteorol. 41, 262 - 266. 
Kürschner, D., Schminder, R., Singer, W., and Bremer, J., 1987: Ein neues Verfahren zur 
Realisierung absoluter Reflexionshöhenmessungen an Raumwellen amplitudenmodu-
lierter Rundfunksender bei Schrägeinfall im Langwellenbereich als Hilfsmittel zur Ab-
leitung von Windprofilen in der oberen Mesopausenregion, Z. Meteorol. 37, 322 -
332. 
Labitzke, K., and van Loon, H., 1992: On the association between the QBO and the ex-
tratropical stratosphere. J. Atmos. Terr. Phys. 54, 1453 - 1463. 
Labitzke, K., and van Loon, H., 1996: On the stratosphere, the QBO, and the sun: the winter 
of 1995-1996. Meteorol. Zeitschrift, N.F. 5, 166 - 169. 
Muller, H.G., Whitehurst, G.A., and O~Neill, A., 1985: Stratospheric warrnings and their effect 
on the winds in the upper atmosphere during the winter of MAP/WINE 1983 - 1984. J. 
Atmos. Terr. Phys. 47, 1143 - 1147. 
Pawson, S., Labitzke, K., Lenschow, R., Naujokat, B., Rajewski, B., Wiesner, M., and Wohl-
fart, R.-C., 1993: Climatology of the northem hemisphere stratosphere derived from 
Berlin analyses. Part 1: Monthly means. Meteorol. Abh. des Inst. f Meteorol. d. FU 
Berlin, N.F., Ser. A, 7(3). 
Schminder, R., 1995: Die Entwicklung des Arbeitsgebietes Physik der Hochatmosphäre am 
Geophysikalischen Observatorium Collm. In: Meteorologische Arbeiten aus Leipzig, 
Wiss. Mitt. des LIM und des IFT, Leipzig 1, 1 - 21. 
Schminder, R., and Kürschner, D., 1981: Wind field anomalies in the upper mesopause region 
over Central Europe and the major stratospheric warrning in February 1981. J. Atmos. 
Terr. Phys. 43, 735 - 736. 
Schminder, R., and Kürschner, D., 1992: Höhen-Zeit-Schnitte der Windfelder (Grund- und 
Gezeitenwind) zwischen 85 und 105 km Höhe über Mitteleuropa für 1990 aus funk-
technischen D 1-Windmessungen am Observatorium Collm, Kleinheubacher Berichte 
35, 137 - 145. 
Schminder, R., and Kürschner, D., 1994: Permanent monitoring of the upper mesosphere and 
lower thermosphere wind fields (prevailing and semidiumal tidal components) obtained 
from LF D 1 measurements in 1991 at the Collm Geophysical Observatory, J. Atmos. 
Terr. Phys. 56, 1263 - 1269. 
Addresses of Authors: 
Dr. B.-R. Beckmann and Dr. Ch. Jacobi 
Institut für Meteorologie, Universität Leipzig 
Stephanstr. 3, 4103 Leipzig 
